"True" Yield Stress Measurement:
FIG. S.1.
Yield stress measurement for a suspension of Vulcan XC-72 carbon black in propylene carbonate with φeff = 0.274 after preshearing at 2500 s -1 for 600 s. Displacement angle plotted against time for a range of applied stresses. The yield stress range measured is between 70 Pa and 90 Pa.
Determining the Wall Thickness of the Rheo-SANS Couette:
Spatiotemporially resolved Rheo-SANS experiments were performed using a hollow titanium Couette geometry. To determine the thickness of titanium along the height of the Couette, a finely-spaced height scan was performed with no sample in the geometry. The results are shown 
Rheo-Electric Measurements:
Typical data from rheo-electric measurements taken under quasi-steady conditions are shown in 
Rheo-uSANS Fitting Details:
Data from Rheo-uSANS measurements performed at Bi -1 > 1 were fit to a single level Beaucage model [1] , [2] to obtain a radius of gyration, Rg. To fit the slit smeared data, the Beaucage model was slit smeared using a vertical q-resolution of 0.117 Å -1 [3] . Fits to the data are shown in Fig. S.4 and are scaled for clarity. Fit information is shown in Table S .I. In the Beaucage model, Guinier's law is unified with a structurally limited power law such that both a radius of gyration and power law slope can be determined. Two prefactors are used in this model where G is the Guinier scaling factor and B is a prefactor that is specific to the type of power-law scattering measured. Due to the complexity of this suspension, the relationship between these prefactors and specific properties of the suspension is difficult to interpret. 
FIG. S.4. Results from a Rheo-uSANS measurement performed at

